The records of 5736 general anaesthetics were reviewed to estimate the prevalence of, and identify the risk factors for, the development of regurgitation during anaesthesia in dogs. Regurgitation was defined as the observed passive passage of gastric contents into the oropharynx. Several variables were evaluated using univariable and multivariable logistic regression analysis: breed, body mass, age, sex, type of procedure, expertise of anaesthetist, ASA status, drugs administered, length of surgery and anaesthesia and local techniques performed.
INTRODUCTION
Gastro-oesophageal reflux (GOR), as opposed to regurgitation, involves the "silent" passage of gastric contents into only the oesophagus, and can lead to oesophageal mucosal injury [1] . In clinical studies in people, the measurement of distal oesophageal pH is used as the reference standard for diagnosis of the condition [2] . An episode of GOR is recorded when lower oesophageal pH is < 4 or > 7.5 by placing a pH measuring probe in the distal few centimetres of the oesophagus [3, 4] .
Regurgitation has been defined as the "visible" passage of gastric contents into the oropharynx [5] . Regurgitation is therefore the visible marker of GOR and is associated with a greater likelihood of subsequent oesophageal morbidity such as oesophagitis, stricture formation, chronic cough and aspiration pneumonia [6, 7] .
GOR is usually clinically silent, and has been reported in up to 41% of dogs undergoing abdominal surgery and from 16% to 50% of dogs undergoing anaesthesia with or without surgery [3, 8, 9] . In three different study populations of anaesthetised dogs, visible regurgitation was reported to occur in 0.42%-16.3% [3, 8, 10, 11] . In people, regurgitation has been described in 7.8% of cases [12] .
On most occasions, GOR occurs shortly after induction of anaesthesia: 46.8% of the episodes occur within 15 minutes and 66% within 20 minutes after induction [8] . The prolongation of anaesthesia has been associated with either an increaseor no change in the incidence of GOR [7, 8] and no change in the incidence of regurgitation [11] .
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The aims of this study were to identify the prevalence of regurgitation within dogs undergoing general anaesthesia in our hospital population and to assess possible associated risk factors.
MATERIALS AND METHODS

Study Design
A retrospective study was designed to estimate the prevalence of, and identify the risk factors for, regurgitation during general anaesthesia in dogs anaesthetised in the Small Animal Teaching Hospital, University of Liverpool.
Identification of Cases and Controls
Records of all dogs undergoing general anaesthesia between January 2008 and December 2010 were reviewed. Since 2007, details of all anaesthetics were inputted into an electronic database. Continuous variables collected were: age of patient, body mass and length of surgery and anaesthesia. Discrete variables were categorized as indicated in Table 1 . Since 2008, it has been hospital policy to record an episode of intra-anaesthetic regurgitation in dogs and ensure appropriate treatment to these patients.
Statistical Analysis
All collected information was entered into a spreadsheet (Microsoft Excel 2007, Microsoft, Redmond, WA, USA) and the dataset was reviewed and checked for coding of all variables. Descriptive statistics were calculated for each variable.
Associations between each variable and the presence of regurgitation were assessed using univariable binomial logistic regression to calculate measures of strength of association (crude odds ratios [O.R.s]) for each variable with the presence of regurgitation. Variables with a P-value less than 0.3 on univariable regression were considered for inclusion in a multivariable model. The final models were constructed by a manual backwards stepwise procedure where variables with Wald P-values of less than 0.05, or those that changed the estimates of other coefficients in the model by 25% were retained in the model [22] .
Data were analysed using the Minitab statistical software package (Minitab 16.0 for Windows, Minitab Ltd., UK.) Statistical significance was set at p < 0.05.
RESULTS
Data from 5736 general anaesthetics in dogs were reviewed. Seventy five dogs had an episode of regurgitation, giving a prevalence of 1.3% (95 per cent CI 1.0% to 1.6%).
All data underwent univariable logistic regression analysis. Results for categorical and continuous variables are shown in Table 2 .
After univariable binomial logistic regression, there was no significant association between the prevalence of regurgitation and the following variables: sex (p = 0.7), age of patient (p = 0.3), anaesthetist (p = 0.7), student (p = 0.9), maintenance agent (p = 0.3), local anaesthetic technique used (p = 0.3) and length of surgery (p = 0.9). Multivariable logistic regression analysis identified that dogs undergoing abdominal procedures, imaging procedures and a combination of both imaging and abdominal procedures were at a higher risk of developing regurgitation than dogs undergoing non-abdominal procedures. Furthermore dogs that received acepromazine in combination with an opioid were significantly less likely to suffer from regurgitation than those administered only medetomidine. Dogs classified as an ASA status of 3, 4 and 5 were more likely to experience regurgitation than those with an ASA status of 1. Increase in duration of anaesthesia and greater patient body weight were also associated with the likelihood of an episode of regurgitation occurring ( Table 3) . 
DISCUSSION
The prevalence of regurgitation in this clinical population was 1.3%. This is within the range of 0.42%-15% reported in canine experimental population studies [3, 8, 10, 11] .
Our results indicated that an increase in anaesthetic duration had a small, but significant, influence on the risk of regurgitation. For example, increasing anaesthesia time by 40 minutes would increase the risk of regurgitation by 1.2 times. Three comparable studies are available, although two of them were primarily interested in GOR and just one of them in regurgitation. Studies looking at the association between age and GOR had mixed results with one of them finding no association between these two variables [8] and a previous one finding a positive association [3] . No association was found between age and regurgitation on a recent study [11] .
GOR has been reported to occur, in most cases, shortly after induction of anaesthesia [8] . Although the time at which regurgitation occurred was not recorded in our study, our findings imply that regurgitation can occur after the first 20 minutes of anaesthesia, and indeed is more likely to occur the longer the anaesthetic, although the influence of anaesthetic duration is small. We are unable to provide an explanation for this finding, although the effect of anaesthetic duration still remained significant when confounding influences such as ASA status and different procedures (including the amount of movement/ handling of patient) were accounted for in the statistical analysis.
In this study, no correlation was found between an increase in patient age and the risk of regurgitation, in agreement with Lamata et al. [11] . In contrast, a previous report found a correlation between increase in age and occurrence of GOR [8] .
Body mass has been variably reported to be associated with an increased risk of GOR [8] and regurgitation [11] . In the latter study, an increase in body weight was found to be significantly associated with a higher risk of regurgitation. Body condition scores were not recorded for our population and therefore the influence of obesity on regurgitation cannot be reported. In people, obesity has been reported to increase the risk of regurgitation [23] . An alternative explanation may be that larger dogs are more difficult to manoeuvre, needing more than one person to lift and move them, often resulting in being held around the abdomen. The resultant increase in intra-abdominal pressure may predispose such animals to an episode of regurgitation.
In agreement with another study where GOR was investigated, gastrointestinal procedures were found to have a higher risk of regurgitation compared to nongastrointestinal procedures in the present study [8] . An increase in intra-gastric pressure normally induces an increase in lower oesophageal sphincter pressure (LOSP), therefore maintaining the barrier pressure (BrP); but this response is limited, especially in anaesthetised animals and large increases in intra-gastric pressure are likely to induce reflux [24] . Surgical procedures involving the gastrointestinal tract, diagnostic imaging procedures or a combination of both during the same general anaesthetic were also found to increase the risk of regurgitation in this study, especially where multiple imaging procedures were combined during one general anaesthetic. It is possible that a change in depth of anaesthesia (when moving rooms within the diagnostic imaging unit or between this unit and the theatre area), as well as handling the patient and changing its body position may have triggered regurgitation. In those cases that underwent diagnostic imaging procedures and gastrointestinal procedures, the exact time when an episode of regurgitation occurred was not recorded in the data, but diagnostic imaging procedures alone were significantly associated with the incidence of regurgitation and these often require multiple changes in animal position (and may incur anaesthetic depth changes, e.g. bronchoscopy where the endotracheal tube may need to be removed; or increased intra-abdominal pressure e.g. during change of the animal's position or during abdominal ultra sonographic scanning).
The implication of diagnostic imaging as a causative factor for regurgitation warrants further investigation. These findings areapparently in opposition to those found in a recent study where animals that underwent orthopaedic procedures were at an increased risk of suffering from an episode of regurgitation [11] . This apparent discrepancy may, however, be because imaging procedures were also performed on those orthopaedic cases although this is not clear from their reported results.
ASA status was significantly associated with regurgitation in our study, which is in opposition to previous studies where no association was found [11] . Dogs with ASA status of 3 or higher were at a greater risk of developing intra-anaesthetic regurgitation. Those higher risk patients (e.g. portosystemic shunt, abdominal mass resection, patent ductus arteriosus occlusion and pacemaker placements), may be more unstable under anaesthesia which may partly explain their higher risk of regurgitation.
In our study population, the risk of regurgitation was significantly less in patients that were premedicated with acepromazine in combination with an opioid in comparison to patients administered medetomidine alone. In another study, dogs administered xylazine experienced a 77% reduction in LOSP (from 47.9 mmHg to 11.7mmHg) compared with animals administered acepromazine (62% reduction, from 47.9mmHg to 18.6mmHg), suggesting that regurgitation might be more likely following the administration of alpha-2-agonists. It was hypothesised that the reduction in LOSP by acepromazine might occur due to inhibition of the effects of 5-hydroxytryptamine, which increases the LOSP in conscious dogs, rather than being due to a primary effect on the central dopaminergic receptors [25] . To the authors' knowledge, the pharmacological mode of action of alpha-2-agonists on the LOSP has not yet been described. A significant difference in BrP between cats administered acepromazinein comparison to those administered atropine or a combination of drugs was found, where acepromazine alone caused less decrease in BrP compared to the others [16] . The resting LOSP or BrP at which animals are at a higher risk of experiencing an episode of regurgitation has not been described in dogs, but in people, a resting LOSP of 13cm H 2 O is sufficient to prevent reflux [26] . In contrasts to these studies, other authors have found no association between the administration of acepromazine with the likelihood of an episode of regurgitation occurring [11] .
Opioids can delay the emptying of large amounts of gastric content and this may constitute a significant risk factor for regurgitationin patients in emergency situations requiring anaesthesia [24] . Pethidine has been shown to produce phasic contractions of the lower oesophageal sphincter in conscious dogs, with higher minimal pressures compared with atropine, xylazine or acepromazine [25] . Morphine increased the incidence of GOR during the subsequent anaesthetic episode, although no relationship was found between vomiting caused by morphine and the likelihood of experiencing GOR in anaesthetised dogs [7] . In agreement with a previous study [11] , we found no association between the use of opioid drugs alone and the incidence of regurgitation, although the different opioids were not separated for analysis in this case.
In our study, we gathered data on individual anaesthetic induction agents/ agent combinations (e.g. propofol, alfaxalone, ketamine with benzodiazepines, and volatile agents) and analysed the data to establish if any individual agent(s)/ combinations were associated with the incidence of regurgitation. No significant associations were found (data not shown) which is in agreement to a previous report [11] . It was only after induction agents were grouped together into injectable agents or inhalation agents that a significant association was found after univariable analysis. After univariable analysis, induction of anaesthesia with volatile agents was a risk factor for regurgitation, but because the inhalation group size was too small (n = 16) compared with the injectable group size (n = 5513), this variable could not be included in the final multivariable model. Previous studies comparing the use of propofol and thiopental for induction of anaesthesia in dogs and cats found consistent differences between the effects of these two drugs on the LOSP, although our results suggest that such differences may have little clinical relevance, although thiopental was not commonly used in our study population [18, 27] .
In this study, the anaesthetic maintenance agent did not affect the risk of regurgitation, which is in accordance with previous studies, where the risk of developing regurgitation or GOR was not significantly affected by the selection of isoflurane, halothane or sevoflurane for maintenance of anaesthesia, respectively [11, 19] .
CONCLUSION
Results of the present study suggest that larger dogs, patients with ASA status of 3 or higher, animals undergoing abdominal and/or imaging procedures and animals undergoing a long anaesthetic procedures, are more likely to suffer from an episode of visible regurgitation. Also dogs receiving premedication with medetomidine versus acepromazine with an opioid are at a higher risk of regurgitation.
In order to elucidate risk factors in more depth, further information is needed from multi-centre studies. Additionally, follow-up studies could be of use in order to determine outcomes in patients reported to have regurgitated under anaesthesia.
Knowing these risk factors should inform clinicians about high risk cases so they are vigilant and, where possible, can manage modifiable risks, such as type of premedication or minimising the length of anaesthesia as much as possible, as well as being aware of the procedures or patients at a higher risk of suffering from regurgitation so faster action can be elicited.
